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Abstract
Difficulties with pragmatic language are known language traits among women
with the FMR1 premutation and within the broad autism phenotype (BAP). Our study
investigated the narrative cohesion and story grammar organization of spontaneously
generated stories produced by mothers with the FMR1 premutation, mothers of children
with ASD, and mothers of typically developing children. No group differences were
observed in story grammar, overall quality, or frequency of use of temporal devices. But
both the mothers of children with ASD and mothers with the FMR1 premutation
committed reference errors at a significantly higher frequency than mothers in the control
group. This study provides new insight into narrative skills exhibited by mothers with the
FMR1 premutation and mothers of children with ASD, which extends our understanding
of the phenotypes associated with genetic risk related to the FMR1 premutation and BAP.
Further research analyzing narrative cohesion in the FMR1 premutation is warranted to
better understand the language profile of the genotype.
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Chapter 1
Introduction
The Fragile X Mental Retardation-1 (FMR1) premutation is a highly prevalent
genetic abnormality affecting approximately 1 in 291 women and 1 in 855 men in the
United States (Hunter et al., 2014). Previously, individuals with the FMR1 premutation
were considered to be “silent carriers” who were clinically unaffected, except for the risk
of passing the mutation on to their children which could cause fragile X syndrome
(Hagerman, 2008). However, a growing body of evidence supports that
the FMR1 premutation comprises its own phenotype with clinically meaningful traits.
Documented clinical complications within this population range from physical and
psychological health problems (Allingham-Hawkins et al., 1999; Berry-Kravis et al.,
2007; Bailey, Raspa, Olmsted, & Holiday, 2008; Roberts et al., 2009) to executive
deficits (Cornish, Manly, James, Mills, & Hillis, 2003) and social difficulties (Franke,
Leboyer, Gansicke, & Weiffenbacj, 1998; Johnston et al., 2001). Problems with language
use in the FMR1 premutation have also been documented; difficulties with social aspects
of language use (i.e., pragmatic language) have been recently revealed as a characteristic
of this genotype (Losh et al., 2012; Klusek et al., 2016; Klusek et al., 2018). Additionally,
mothers with the FMR1 premutation have increased language disfluency (Sterling et al.,
2013; Klusek et al., 2018).
The FMR1 gene is also highly implicated in autism risk, with the protein encoded
by FMR1 regulating one-third of all known autism spectrum disorder (ASD)
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susceptibility genes (Iossifov et al., 2012; Bagni et al., 2012). ASD is a behavioral
disorder with a complex, multi-factorial etiology, and genetic factors play the largest role
(Schaefer, 2016). Features of the broad autism phenotype (BAP) have been welldocumented in clinically “unaffected” relatives who share genetic liability to ASD, such
as in parents of children with ASD (Losh et al, 2008). The BAP refers to mild or subtle
ASD-associated personality and language characteristics that are observed at higher rates
among parents and other unaffected relatives of individuals with ASD (Lee et al., 2019;
Piven et al., 1997; Bernier et al., 2012; Bolton et al., 1994; Losh et al., 2008; Virkud et
al., 2009). Difficulties with narrative language skills are considered a core feature of the
BAP (Landa et al., 1991; Piven et al., 1997; Losh et al., 2008, 2012). For example, Landa
et al. (1991) found that the “long, rambling” spontaneous verbal narratives produced by
parents of children with ASD were less complex and less coherent than the narratives
produced by parents of children with Down syndrome and parents of typically developing
children. Narrative language is used to organize and sequence discrete events and give
meaning to experience (Capps et al., 2000). Narrative language depends on several
different language processes as well as pragmatic skills, including Theory of Mind
(TOM). TOM is more broadly defined as the ability to reason through other’s emotional
states and states of mind (Sabbagh, 2008). TOM skills allow the storyteller to take on the
listener’s knowledge and perspective in order to tell a coherent story (Astington, 1991).
Numerous studies have revealed TOM deficits in individuals with ASD (Baron-Cohen,
1995; Frith, 2003; Colle et al 2007). Due to its complex social, cognitive, and linguistic
processing demands, narrative language may also reveal subtle differences in language
abilities undetectable by standardized measures of language abilities (Liles et al., 1989).
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Therefore, the analysis of narrative skills is a promising method for capturing subtle
language-related features that may relate to genetic risk for ASD and the BAP.
Emerging research suggests that mothers with the FMR1 premutation and parents
of children with ASD show overlapping personality and language profiles, including rigid
personality traits and difficulties with pragmatic aspects of language (Losh et al., 2012).
Additionally, the risk for ASD is elevated among individuals with the FMR1 premutation
(about 5% of females meet criteria for ASD), lending further support for shared
phenotypes (Clifford et al., 2007). Given this emerging evidence of phenotypic overlap
across the FMR1 premutation and the BAP, contrasting the narrative features observed in
parents of children with ASD to those of individuals with the FMR1 premutation may
help us define core characteristics that are shared or divergent across populations,
shedding light on the specificity of phenotypes and the potential role of FMR1 in ASDrelated features. To date, there are no studies that specifically analyze narrative language
use among mothers with the FMR1 premutation. Given the language deficits currently
known to be associated with the FMR1 premutation, as well as the documented narrative
language deficits in the BAP, the FMR1 premutation may confer elevated risk for
narrative language weaknesses. In the present study, we examined the use of narrative
language among mothers who are carriers of the FMR1 premutation and mothers of
children with ASD, compared to a control group comprised of mothers of children with
typical development. Specifically, we focused on story grammar and cohesion of
narrative language because these aspects of narrative language have been identified as
ASD-associated deficits.
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Story grammar is the basic organizational structure of storytelling, guiding the
listener through utterances sequenced into one or more goal-oriented episodes consisting
of story grammar components that include an initiating event, attempt, and direct
consequence (Stein & Glenn, 1987). Story grammar episodic structure guides listener
comprehension through the expression of logical relationships, temporal and causal,
between people and events (Merritt & Liles, 1987). Landa et. al (1991) found story
grammar to be impaired among mothers and fathers of children with ASD, exhibited by
more partial episodes and fewer complete episodes among this group of parents relative
to controls. Cohesion, defined as the structural coherence of parts of a text (Halliday &
Hasan, 1976), is also an integral part of narrative generation. Difficulties with narrative
cohesion have been documented among individuals with a milder expression of ASD, or
high-functioning ASD, formerly known as Asperger syndrome (Colle et al., 2007). Colle
et al. (2007) found that the use of referential expressions (specifically personal pronouns),
temporal expressions, and cohesive ties were impaired among the individuals with highfunctioning ASD. This leads us to hypothesize that narrative cohesion impairments are
associated with the BAP and may also be observed in the narratives of mothers with
FMR1 premutation.
In the present study, we investigated the narrative language abilities of mothers
with the FMR1 premutation, with a specific interest in narrative features that are impaired
in ASD and the BAP: narrative cohesion and story grammar. By contrasting the narrative
skills of mothers with the FMR1 premutation to those of mothers of children with ASD,
we will shed light on phenotypes that may be shared or divergent across groups and thus
inform the role of FMR1 in subtle language-related features associated with genetic risk
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for ASD. This work may also have relevance from a clinical perspective, as narrative
deficits are associated with reduced academic performance and difficulties with social
relationships across both childhood and adulthood (Merritt & Liles, 1987; Reese et al.,
2011). Therefore, understanding the nature of subtle narrative deficits in these parent
groups may lend useful information into the specific challenges faced by mothers of
children with fragile X syndrome and ASD which may inform family-centered
interventions. We posed the following research question: Does narrative language reveal
subtle, meaningful differences in narrative abilities that could represent core
characteristics of the language profiles of the FMR1 premutation phenotype? We
predicted that the narratives produced by mothers with the FMR1 premutation and
mothers of children with ASD will have fewer complete episodes within the story
grammar organization, increased instances of ambiguous use of pronoun references, and
less frequent overall use of temporal expressions as compared to the narratives produced
by the control mothers.

5

Chapter 2
Methods
Participants
Participants included 33 women with the FMR1 premutation who are mothers of
children diagnosed with fragile X syndrome, 32 mothers of children diagnosed with
ASD, and 39 control mothers of children with typical development. The mothers with the
FMR1 premutation completed genetic tests to verify the presence of the FMR1
premutation (55–200 CGG repeats on FMR1). The Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2; Lord et al., 2003) was administered to the children
of the ASD parent group in order to confirm the clinical ASD diagnoses. Mothers of
typically developing children reported no family history of fragile X syndrome or fragile
X-associated conditions and no developmental delay or disorders in their children.
Mothers of typically developing children also completed the Social Communication
Questionnaire (Rutter et al., 2003) to screen their children for behaviors associated with
ASD and were excluded if their children scored above the designated cut-off for ASD.
Participants were all native speakers of American English.
The mothers were participating as part of a larger study on the communication
profiles of women with the FMR1 premutation (Klusek et al., 2019). Mothers with the
FMR1 premutation were recruited nationally and locally through ongoing fragile x
studies, social media, word of mouth, the South Carolina Department of Disabilities, and
the Research Participant Registry Core of the Carolina Institute for Developmental
6

Disabilities. Mothers of children of typical development and mothers of children with
ASD were recruited locally, through social media, word of mouth, and flyers posted on
the University of South Carolina campus and in pediatrician offices.
The mothers ages ranged from 26 to 65 years. The mean age of all mothers was
44.4 years, which was similar across groups. The majority of the mothers had obtained a
college education (59%) with some college or a bachelor’s degree (27%) or a graduate
degree (32%). 79% of women identified as white; 16 % of women identified as Black or
African-American; and 5% of women identified as Asian, Native Hawaiian/Other Pacific
Islander, or selected the “Other” racial category. Table 2.1 shows participant descriptive
statistics by group.
Table 2.1 Group Characteristics
Group
Characteristic

Age (months)
M (SD)
Range
Race (%)
Black or African
American
White
Other

Education Level (%)
High School or less
Bachelor’s
Graduate Degree

FXS
n = 33

ASD
n = 32

46.42 (8.24)
26.55-59.95

TD
n = 39

44.50 (9.15) 42.70 (9.55)
29.36-62.06 26.67-65.23

3.03
90.91
6.06

21.88
71.88
6.25

23.08
74.36
2.56

54.55
24.24
21.21

37.50
37.50
25.00

33.33
20.51
46.15

Household Income (%)

Test of
group
differences
(p-value)
.225

.145

.081

.449
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£$40k
$40,001-60k
$60,001-80k
$80,001-100k
$100,001-120k
$120,001-140k
>$140,001k

16.13
12.90
12.90
9.68
9.68
16.13
3.23

22.58
9.68
25.81
25.81
3.23
9.68
3.23

17.14
14.29
17.14
17.14
11.43
5.71
17.14

Procedure
As part of the larger study, participants completed a battery of norm referenced
and researcher developed language and cognitive tasks in one session that lasted
approximately three hours, with short breaks as necessary. Narrative tasks were
administered approximately one hour into the battery for all participants. Participants also
completed a packet of questionnaires prior to the session. Assessment procedures were
approved by the Institutional Review Board of University of South Carolina. All
participants provided informed consent.
Narrative Elicitation
Narratives were elicited following the procedures used in Landa et al.’s (1991)
study of narrative discourse of parents of children with ASD. The prompt was designed
to elicit a story consisting of goal-oriented events (Merritt & Liles, 1987). The examiner
read the following prompt aloud to the participant: “I am going to tell you the beginning
of a story and I want you to finish the story, as if you were telling about a chapter from a
story book. ‘Once there were two friends in a deep and dark cave….’” The participant
verbally continued the story from the prompt. If the participant provided only one or two
sentences or did not provide a formal end statement (e.g., “That’s it.”), the administrator
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would ask, “Are you finished?” to confirm that they were finished telling their story
(Landa et al., 1991; Merritt & Liles, 1987).
Language Transcription
Language samples were audio recorded and transcribed off-line by research
assistants who were naïve to group membership using Systematic Analysis of Language
Transcripts (SALT; Miller and Chapman, 2008) conventions. Research assistants were
trained to 85% reliability in morpheme-morpheme agreement on three consecutive
training files. Interrater reliability was obtained by an independent transcriber on twenty
percent of the transcripts selected at random. Average morpheme-to-morpheme
agreement between the two transcribers was 92%.
Narrative Measures
The narratives were coded for story grammar components, story grammar
episodes, ambiguous pronoun references, and temporal cohesive devices. Two trained
research assistants who were naïve to diagnosis coded the transcribed narratives. Prior to
beginning the coding process, the research assistants trained on coding guidelines as
described in previous studies (Landa et al., 1991; Colle et al., 2007) through live coding
and discussion sessions using randomly selected narrative files. A story grammar coding
manual was produced to describe definitions and explicate coding rules for training
purposes. After completing the training, the trained research assistants coded all narrative
files independently. Independent coding was followed by a consensus coding process to
finalize codes for each narrative, where the coders would verbally discuss the logic
behind their independently designated codes and come to consensus on the most logical
and accurate codes for each narrative.
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Story Grammar
Narrative samples were analyzed for story grammar organization based on the
story grammar coding system and components described in Landa et al.’s (1991) study on
the story grammar structure of spontaneous narrative discourse of parents of children
with ASD; Landa et al.’s (1991) coding system was adapted from Merritt & Liles (1987)
and Stein & Glenn (1979). Story grammar components (defined in Table 2.2) were
identified in each narrative and coded as part of episodes.
Table 2.2 Story Grammar Episode Components
Story Grammar
Component
Setting
Initiating Event

Response

Plan

Definition

Example

Major and/or minor setting details,
setting the scene.

“It was dark and stormy,
and the two friends were
very scared.”
“They were determined to
find a way out of the cave.”

Natural occurrence/change in the
environment, a character’s action,
or character’s internal event that
creates a cause for response and
prompts a character to formulate
goal-directed behavior.
Psychological state of character(s)
after the initiating event or verbal
response to a situation, in the form
of an affective (emotional)
response, goal (desires or
intentions), or cognition
(thoughts).
Statements that specify a
character’s plan/strategy for
obtaining the goal.

Attempt

Overt action(s) at achieving the
goal.

Direct
Consequence

The character’s success or failure
of attaining the goal in the form of
a natural occurrence, character’s
actions, or end state.
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“The boy was worried
about getting home before
dark.”

“They decided they would
follow the small light they
could see at the end of the
cave.”
“They began digging, and
they were digging for
hours.”
“Suddenly, they found the
exit of the cave and ran
towards it.”

Reaction

How the character(s) feel about the
outcome; affect, cognition, or
action as a reaction to outcome.
This can be expressed as dialogue
as well.

“They were so relieved to
find their way out of the
cave that they began to hug
and cry.”

Narratives were coded for episodes based on the episode coding system
implemented in Landa et al. (1991). An episode is broadly defined as a goal-based
behavioral sequence. The coding system identified and quantified the total number of
complete episodes, total number of elaborated episodes, and number of partial episodes
(incomplete episodes) occurring in each narrative. Complete episodes, partial episodes,
and elaborated episodes are defined in Table 2.3. Stories may contain only one episode,
more than one episode, no episodes, or any combination thereof. Generally, story
grammar episode components are sequential, though setting details may be scattered
throughout the narrative, and occasionally, a smaller episode may be embedded within a
larger episode (smaller episode within an overarching story structure).
Table 2.3 Types of Episodes
Episode Type
Complete episode

Definition
Must contain an initiating event,
attempt, and direct consequence.

Partial episode

Must contain at least 2 complete
episode components, e.g., an initiating
event and attempt.
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Example
“The children realized
they were lost in the
cave (initiating event).
They began to search
for an exit by following
a beam of light
(attempt). After hours of
searching for an exit,
they found one (direct
consequence).”
“The children realized
they were lost in the
cave (initiating event).
They began to search
for an exit by following

Elaborated
episode

Must contain all 3 complete episode
components in addition to 2 unique
supporting episode components, e.g.,
setting and reaction.

a beam of light
(attempt).”
“They had on their
headlamps and were
exploring the cave
(setting). Then the
children realized they
were lost in the cave
(initiating event). They
began to search for an
exit by following a
beam of light (attempt).
After hours of searching
for an exit, they found
one (direct
consequence). They
were so relieved
(reaction).”

Narrative “quality violations” (defined in Table 2.4) were also coded to help
determine an impressionistic qualitative score for each narrative, following the
procedures of Landa et al. (1991). Each narrative was assigned a qualitative score of “0”,
“1”, or “2.” A code of “0” indicated “poor quality,” a score of “1” was “average quality”
and a “2” was “good quality.” This score was assigned based on the overall impression
by the coders after analyzing the episode structure and number of quality violations. In
general, if a story had elaborated or complete episodes and no quality violations, then the
story would receive the highest qualitative score of “2.” If a story had a mix of partial and
complete or elaborated episodes and 1 or fewer quality violations, then the story would
receive a “1.” If a story had only partial episodes and more than 1 quality violation, then
the score would be the lowest quality score, “0.” Consensus of overall impression of each
narrative resulted in a finalized qualitative score for each narrative.
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Table 2.4 Quality Violations
Quality Violation
Type
Aside

Illogical

Redundant

Definition
Not part of the story; selfreflective. (Does not include
clarification questions to
assessment administrator.)
Contradicts other parts of the
story.
A distracting repetition of
previously stated information.

Example
“Oh, I have not told a story
like this in a while.”
“They were trapped in the
cave. Then they began
walking through the
forest.”
“He was very scared. They
began walking. He was so
scared.”

Cohesion
Narrative samples were also analyzed for use of cohesive ties, specifically,
personal reference markers and temporal conjunctive markers. Personal reference
includes personal pronouns, possessive pronouns, and possessive determiners referring to
the identity of relevant subjects, objects, or events (Liles, 1985; Halliday & Hasan, 1976).
Temporal markers or devices are expressions that specify the passage of time, i.e., “then,”
“later,” “suddenly” (Liles & Coehlo, 1998). The research assistants identified and coded
each instance of use of temporal devices and each instance of pronoun reference error.
Each identified pronoun reference was judged to be used correctly or in error according
to the grammatical rules delineated by similar cohesion studies (Barker, 2017; Colle et
al., 2007; Liles, 1985; Liles & Coehlo, 1998). A pronoun reference error was coded if the
pronoun was missing a referent or if the referent was ambiguous. An ambiguous
reference error occurs when there is more than one possible referent for a single pronoun
in the same sentence or in the immediately preceding or following sentences. The
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finalized total number, or frequency, of temporal devices and pronoun reference errors
were determined for each narrative sample through the consensus coding process.
Statistical Analysis
First, descriptive statistics were computed (see Table 3.1). To test group
differences in the qualitative summary score, a general linear model was fit including
group as a predictor as well as the number of utterances and education level (coded as a
three-level categorical variable reflecting educational attainment at high school or less,
bachelor’s degree, or graduate degree) as covariates. Group differences in the remaining
narrative variables were tested negative binomial regression models given that these
variables exhibited a zero-inflated distribution with positive skew and overdispersion
(White & Bennetts, 1996). Pearson chi-square goodness-of-fit statistics were examined
for each model to confirm model fit. An exposure variable, which is used in negative
binomial models to adjust for individual differences in opportunities to exhibit the
variable of interest, was included to capture variability in the total length of the narrative,
as indexed by the total number of utterances. Education level was included as a covariate,
With graduate educational level as the reference category. Separate models were fit for
each narrative outcome. All analyses were performed with SAS 9.4 (Cary, NC).
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Chapter 3
Results
Descriptive Statistics
Table 3.1 shows descriptive statistics for the narrative variables by group.
Table 3.1 Descriptive Statistics: Narrative Variables by Group
FXS
M (SD)
Range

Group
ASD
M (SD)
Range

TD
M (SD)
Range

Elaborated Episodes

0.33 (0.73)
0.00-3.00

0.40 (0.61)
0.00-2.00

0.53 (0.68)
0.00-2.00

Complete Episodes

1.09 (1.42)
0.00-7.00

0.90 (0.89)
0.00-3.00

0.74 (1.20)
0.00-6.00

1.06 (1.22)
0.00-5.00
0.96 (2.14)
0.00-10.00
0.87 (1.31)
0.00-4.00
0.24 (0.50)
0.00-2.00
5.15 (5.66)
0.00-28.00
0.78 (2.34)
0.00-12.00
0.60 (0.65)
0.00-2.00
251.18
(268.78)
26.00-1144.00
18.93 (19.93)
1.00-102.00

1.18 (1.46)
0.00-6.00
0.81 (2.03)
0.00-10.00
0.93 (1.24)
0.00-4.00
0.09 (0.29)
0.00-1.00
4.53 (3.99)
0.00-18.00
0.21 (0.65)
0.00-3.00
0.68 (0.69)
0.00-2.00
231.31
(229.89)
27.00-1105.00
18.28 (20.16)
2.00-109.00

0.97 (1.22)
0.00-4.00
0.84 (2.24)
0.00-11.00
0.46 (1.07)
0.00-5.00
0.15 (0.43)
0.00-2.00
4.76 (3.44)
0.00-13.00
0.15 (0.70)
0.00-4.00
1.00 (0.79)
0.00-2.00
228.33
(148.58)
58.00-727.00
15.76 (10.70)
3.00-60.00

Variable

Partial Episodes
Asides
Redundancies
Illogical
Temporal Count
Reference Errors
Qualitative Score
Number of Words
Number of Utterances
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Group Comparisons on the Overall Qualitative Score
The overall model testing group differences in the qualitative score was not
statistically significant, F(5, 99) = 1.48, p = .213, R2 = .06.
Group Comparisons on Story Grammar Components
The groups did not differ significantly on the number of elaborated episodes χ²(2)
= 1.21, p = .547, complete episodes χ²(2) = 0.70, p = .713, or partial episodes χ²(2) =
1.89, p = .389. Education level also did not account for significant variance in these
outcomes (all p’s >.166)
Group Comparisons on Story Grammar Quality Violations
Redundancies. The effect of group on redundancies was not significant (χ²(1)
=1.58, p = .453). Education level accounted for significant variance, where individuals
with educational attainment at the high school level or less used fewer redundancies than
those with a bachelors’ degree (χ²(1) = 8.61, p = .003) but did not differ from those with
a graduate degree (χ²(1) = 0.41, p = .523).
Asides. No significant effects were observed for group (χ²(1) =0.09, p = .957) or
the education level covariate (χ²(1) = 1.52, p = .467).
Illogical Statements. Group did not account for significant variance in the use of
illogical statements (χ²(1) =0.47, p = .789) and the effect of education level was also nonsignificant (χ²(1) = 0.47, p = .789).
Group Comparisons on Cohesion Indices
Reference Errors. Both the mothers with the FMR1 premutation (χ²(1) = 6.96, p
= .008) and mothers of children with ASD (χ²(1) = 5.77, p = .016) showed increased
reference errors relative to the controls mothers. Education level also accounted for
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significant variance in reference errors, with individuals holding a graduate degree using
significantly more reference errors relative to those with a bachelor’s degree (χ²(1)
=15.54, p < .001) and those with high school education or less (χ²(1) = 14.95, p < .001).
Temporal Conjunctive Markers. Group did not account for significant variance
in the number of temporal conjunctive markers (χ²(2) = 0.18, p = .914) and education
level was also not significant in this model χ²(2) = 0.18, p = .914.

17

Chapter 4
Discussion
Findings
Difficulties with pragmatic language are known language traits among women
with the FMR1 premutation and within the broad autism phenotype (BAP). Narrative
language skills are less understood, although they fall under the genre of pragmatic skills.
Our study investigated the story grammar organization and narrative cohesion (both
ASD-associated narrative language deficits) of spontaneously generated stories produced
by mothers with the FMR1 premutation, mothers of children with ASD, and mothers of
typically developing children. We predicted that the narratives produced by mothers with
the FMR1 premutation and mothers of children with ASD would have fewer complete
episodes within the story grammar organization, increased instances of ambiguous use of
pronoun references, and less frequent overall use of temporal expressions as compared to
the narratives produced by the control mothers. Contrary to our hypotheses, we did not
detect group differences in the majority of narrative features examined, including story
grammar, overall quality, story length, or frequency of temporal devices in their
narratives. However, one critical finding of this study was that both the mothers of
children with ASD and mothers with the FMR1 premutation committed reference errors
at a significantly higher frequency than mothers in the control group. Therefore, our
study suggests that overall narrative skills were unimpaired in mothers of children with
ASD and mothers with the FMR1 premutation, with evidence supporting specific
18

weaknesses in pronoun reference cohesion. This study provides new insight into the
narrative skills and subtle differences exhibited by mothers with the FMR1 premutation
and mothers of children with ASD, which extends our understanding of the phenotypes
associated with genetic risk related to the FMR1 premutation and BAP. Results also
contribute to understanding of the range of difficulties and comparative strengths
experienced by mothers of children with fragile X syndrome and ASD, which can
facilitate the development of family-centered services that meet the unique needs of all
family members.
While conversational pragmatic issues have been well-documented among
mothers of children with ASD and mothers with the FMR1 premutation (Landa et al.,
1992; Losh & Piven 2007; Whitehouse et al., 2007; Losh et al., 2012; Klusek et al., 2016;
Klusek et al., 2019), a novel finding of the present study is that pragmatic difficulties
extend to narrative cohesion as well. Specifically, we found that both the mothers of
children with ASD and mothers with the FMR1 premutation committed more frequent
reference errors than control mothers, which provides further evidence of overlapping
phenotypes across the BAP and the FMR1 premutation. Reference errors disrupt narrative
cohesion and coherence; an ambiguous reference can muddle the events of a plot, and a
missing reference can leave gaps in the listener’s knowledge of characters and events.
Reference errors, such as errors in the use of personal pronouns, are observed in the
narrative of adults with Asperger Syndrome and high-functioning ASD, suggesting that
this particular cohesion error is implicated in ASD and the expression of the BAP (Colle
et al., 2007). These types of errors are believed to occur when the storyteller fails to keep
track of what the listener knows about the story and therefore are thought to stem from
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social cognitive weaknesses, or deficits in TOM (Colle et al., 2007). There is emerging
evidence to support TOM deficits in both the FMR1 premutation (Winston et al., 2020)
and the BAP (Losh, & Piven, 2007), and these weaknesses may be implicated in the
narrative cohesion difficulties observed in the present study. Future research examining
this relationship will provide a better understanding of the mechanisms underlying the
narrative reference errors observed in this study.
Contrary to our hypotheses, we did not detect group differences in the majority of
narrative features examined, including story grammar, overall quality, story length, or
frequency of temporal devices in their narratives. Our results are inconsistent with the
results of Landa et al. (1991), in which mothers and fathers of children with ASD
produced narratives that were rated as having reduced overall quality and that showed
poor story grammar organization, including fewer complete episodes and more partial
episodes relative to the narratives of control parents. There are a number of
methodological differences across the present study and the Landa et al. (1991) report
that may account for the discrepant findings, most notably that the Landa report included
fathers who may exhibit more severe BAP features compared to mothers, including more
severe pragmatic language features (Dawson et al., 2007; Ruser et al., 2007). More
research is needed to further examine story grammar among both fathers and mothers of
children with ASD.
Strengths and Future Aims
A strength of this study is the use of a fine-grained hand-coding system to capture
narrative skills from transcripts. This approach allowed us to analyze more subtle
language features that may be difficult to be indexed through questionnaires or

20

standardized assessments. Our adoption of a cross-population comparison approach that
contrasted mothers of children with ASD and mothers with the FMR1 premutation is also
a strength because it allows us to contribute to the growing body of evidence that
investigates the overlapping personality and language profiles of these two groups to
illuminate phenotypic specificity. This study is also the first to assess the narrative
organization and cohesion skills of mothers with the FMR1 premutation.
Future studies may examine the pros and cons of various narrative prompts in
eliciting different aspects of narrative language. For example, the narrative prompt
employed in this study, which was chosen to replicate the methods in Landa et al. (1991),
introduced “two friends” as the primary characters of the story. The use of this prompt
may have masked some pronoun reference cohesion errors because the single pronoun
“they” could be used to refer to the “two friends” for the entire story instead of requiring
unambiguous pronoun references. However, the prompt does provide two characters,
which set up more opportunities for pronoun references than if the prompt offered one
character. The task was also untimed, resulting in a wide range of story lengths. The
shorter narratives produced may have been shorter in length due to the storyteller’s
discomfort or lack of skill in telling a more elaborated narrative, which reduced the
opportunity to exhibit the narrative feature of interest. However, our inclusion of number
of utterances (a proxy for narrative length) as an exposure variable in the negative
binomial model controlled statistically for variation in sample length. Additionally, we
found no evidence that narrative length differed significantly across the groups.
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Conclusions
A growing body of evidence supports that the FMR1 premutation comprises its
own phenotype with clinically meaningful traits, such as difficulties with pragmatic
language (Landa et al., 1992; Losh & Piven 2007; Whitehouse et al., 2007; Losh et al.,
2012; Klusek et al., 2016; Klusek et al., 2019). The present study reveals that narrative
cohesion deficits may also be a language trait common to the FMR1 premutation and
associated with the BAP. Our study is the first to find narrative cohesion impairments,
specifically in the use of pronoun references, in the narratives of mothers with the FMR1
premutation. Further analyses of narrative cohesion in these populations is warranted to
deepen our understanding of narrative language in the FMR1 premutation and the BAP
and may help inform clinical approaches to tailor services to support the specific needs of
this population.

22

References
Allingham-Hawkins, D. J., Babul-Hirji, R., Chitayat, D., Holden, J. J. A., Yang, K. T.,
Lee, C., & Vieri, F. (1999). Fragile X premutation is a significant risk factor for
premature ovarian failure: The international collaborative POF in fragile X
study—Preliminary data. American Journal of Medical Genetics, 83, 322–325.
Astington, J. (1991). Intention in the child’s theory of mind. In D. Frye & C. Moore,
(Eds.), Children’s theories of mind: Mental states and social understanding.
Hillsdale: Lawrence Erlbaum Associates.
Bagni, C., Tassone, F., Neri, G., Hagerman, R. (2012). Fragile X syndrome: Causes,
diagnosis, mechanisms, and therapeutics. Journal of Clinical Investigation, 122,
4314–4322.
Bailey, D. B., Raspa, M., Olmsted, M., & Holiday, D. B. (2008). Co-occurring conditions
associated with FMR1 gene variations: Findings from a national parent survey.
American Journal of Medical Genetics Part A, 146A, 2060–2069.
Barker, M. S., Young, B., & Robinson, G. A. (2017). Cohesive and coherent connected
speech deficits in mild stroke. Brain & Language, 168, 23–36.
Baron-Cohen, S. (1995). Mindblindness: An essay on autism and theory of mind. MIT
Press, Cambridge, MA.
Berry-Kravis, E., Abrams, L., Coffey, S. M., Hall, D. A., Greco, C., Gane, L. W., &
Leehey, M. A. (2007). Fragile X–associated tremor/ataxia syndrome: Clinical
features, genetics, and testing guidelines. Movement Disorders, 22, 2018–2030.
Capps, L., Losh, M., & Thurber, C. (2000). “The frog ate the bug and made his mouth
sad”: Narrative competence in children with autism. Journal of Abnormal Child
Psychology, 28(2), 193–204
Clifford, S., Dissanayake, C., Bui, Q. M., Huggins, R., Taylor, A. K., & Loesch, D. Z.
(2007). Autism spectrum phenotype in males and females with fragile X full
mutation and premutation. Journal of Autism and Developmental Disorders,
37(4), 738–747.

23

Cornish, K. M., Manly, T., James, N., Mills A., & Hillis T. J. (2003). Differential impact
of the FMR1 pre-mutation on working memory, inhibition and attention: A
molecular-neuropsychological phenotype? Journal of Cognitive Neuroscience,
13,144–150.
Dawson, G, Estes, A, Munson, J. (2007) Quantitative assessment of autism symptomrelated traits in probands and parents: broader Phenotype Autism Symptom Scale.
Journal of Autism and Developmental Disorders, 37, 523–536.
Franke, P., Leboyer, M., Gansicke ,M., & Weiffenbacj, O. (1998). Genotype-phenotype
relationship in female carriers of the premutation and full mutation of FMR-1.
Psychiatry Research, 90, 113–127.
Frith, U. (2003). Autism: Explaining the enigma. Oxford:Blackwell.
Hagerman, P. (2008). The fragile X prevalence paradox. Journal of Medical Genetics,
45(8), 498–499.
Hunter, J., Rivero-Arias, O., Angelov, A., Kim, E., Fotheringham, I., & Leal, J. (2014).
Epidemiology of fragile X syndrome: A systematic review and meta-analysis.
American Journal of Medical Genetics Part A, 164(7), 1648-1658.
Iossifov, I., Ronemus, M., Levy, D., Wang, Z., Hakker, I., Rosenbaum, J., Yamrom, B.,
Lee, Y. H., Narzisi, G., Leotta, A., Kendall, J., Grabowska, E., Ma, B., Marks, S.,
Rodgers, L., Stepansky, A., Troge, J., Andrews, P., Bekritsky, M., Pradhan, K.,
Ghiban, E., Kramer, M., Parla, J., Demeter, R., Fulton, L. L., Fulton, R. S.,
Magrini, V. J., Ye, K., Darnell, J. C., Darnell, R. B., Mardis, E. R., Wilson, R. K.,
Schatz, M. C., McCombie, W. R., Wigler, M., De Novo. (2012). Gene disruptions
in children on the autistic spectrum. Neuron, 74, 285–99.
Johnston, C., Eliez, S., Dyer-Friedman, J., Hessl, D., Glaser, B., Blasey, C., & Reiss, A.
(2001). Neurobehavioral phenotype in carriers of the fragile X premutation.
American Journal of Medical Genetics, 103, 314–319.
Klusek, J., Fairchild, A. J., Roberts, J. E. (2019). Vagal tone as a putative mechanism for
pragmatic competence: An investigation of carriers of the FMR1 premutation.
Journal of Autism and Developmental Disorders, 49, 197–208.
Klusek, J., Losh, M., Martin, G. (2014). Sex differences and within-family associations in
the broad autism phenotype. Autism: International Journal of Research and
Practice, 18, 106-116.
Klusek, J., McGrath, S. E., Abbeduto, L. E., & Roberts, J. E. (2016). Pragmatic language
features of mothers with the FMR1 premutation are associated with the language
outcomes of adolescents and young adults with fragile X syndrome. Journal of
Speech, Language, and Hearing Research, 59, 49-61.

24

Klusek, J., Porter, A., Abbeduto, L., Adayev, T., Tassone, F., Mailick, M., Glicksman,
A., Tonnsen, B., Roberts, J. (2018). Curvilinear association between language
disfluency and FMR1CGG repeat size across the normal, intermediate, and
premutation range. Frontiers in Genetics.
Klusek, J., Moser, C., Schmidt, J., Abbeduto, L., Roberts, J. E. (2020). A novel eye‐
tracking paradigm for indexing social avoidance‐related behavior in fragile X
syndrome. American Journal of Medical Genetics, 183(1), 5-16.
Landa, R., Folstein, S. E., Isaacs, C. (1991). Spontaneous narrative-discourse
performance of parents of autistic individuals. Journal of Speech and Hearing
Research, 34, 1339-1345.
Landa, R, Piven, J, Wzorek, MM. (1992) Social language use in parents of autistic
individuals. Psychological Medicine, 22, 245–254.
Liles, B. Z., & Coelho, C. A. (1998). Cohesion analysis. In L.R Cherney, B.B Shadden,
& C.A Coelho (Eds.) Analyzing discourse in communicatively impaired adults
(pp. 65-84). Aspen.
Losh, M., & Piven, J. (2007). Social‐cognition and the broad autism phenotype:
Identifying genetically meaningful phenotypes. Journal of Child Psychology and
Psychiatry, 48(1), 105-112.
Losh, M., Childress, D., Lam, K., Piven, J. (2008). Defining key features of the broad
autism phenotype: A comparison across parents of multiple- and single-incidence
autism families. American Journal of Medical Genetics Part B: Neuropsychiatric
Genetics, 147B(4), 424–33.
Losh, M., Klusek, J., Martin, G. E., Sideris, J., Parlier, M., & Piven, J. (2012). Defining
genetically meaningful language and personality traits in relatives of individuals
with fragile X syndrome and relatives of individuals with autism. American
Journal of Medical Genetics, Part B, 159B, 660–668.
Merritt, D. D., & Liles, B. Z. (1987). Story grammar ability in children with and without
language disorder: Story generation, story retelling, and story comprehension.
Journal of Speech and Hearing Research, 30, 539-552.
Miller, J. F., and Chapman, R. S. (2008). Systematic Analysis of Language Transcripts
(SALT). Madison, WI: University of Wisconsin-Madison, Waisman Center.
Reese, E., Haden, C. A., Baker-Ward, L, Bauer, P., Fivush, R., & Ornstein, P. A. (2011).
Coherence of personal narratives across the lifespan: A multidimensional model
and coding method. Journal of Cognition and Development, 12(4), 424-462.

25

Roberts, J. E., Bailey, D. B., Mankowski, J., Ford, A., Weisenfeld, L. A., Heath, T. M., &
Golden, R. N. (2009). Mood and anxiety disorders in females with the FMR1
premutation. American Journal of Medical Genetics Part B: Neuropsychiatric
Genetics, 150B, 130–139.
Rogers, S. J., Wehner, D. E., & Hagerman, R. (2001). The behavioral phenotype in
fragile X: Symptoms of autism in very young children with fragile X syndrome,
idiopathic autism, and other developmental disorders. Journal of Developmental
Behavioral Pediatrics, 22(6), 409–417.
Ruser, TF, Arin, D, Dowd, M. (2007) Communicative competence in parents of children
with autism and parents of children with specific language impairment. Journal of
Autism and Developmental Disorders, 37, 1323–1336.
Rutter, M., Bailey. A., Lord, C. (2003). SCQ: The Social Communication Questionnaire.
Sabbagh, M. A., Seamans, E. L. (2008) Intergenerational transmission of theory-of-mind.
Developmetnal Science,11, 354-60.
Schaefer, G. B. (2016). Clinical genetic aspects of ASD spectrum disorders. International
Journal of Molecular Sciences, 17(180).
Stein, N. L., & Glenn, C. G. (1979). An analysis of story comprehension in elementary
school children. In R. O. Freedle (Ed.), New directions in discourse processing
(pp. 53-120). Ablex.
Sterling, A. M., Mailick, M., Greenberg, J., Warren, S. F., Brady, N. (2013). Language
dysfluencies in females with the FMR1 premutation. Brain and Cognition, 82(1),
84-89.
Whitehouse, A. J., Barry, J. G., & Bishop, D. V. (2007). The broader language phenotype
of autism: a comparison with specific language impairment. Journal of Child
Psychology and Psychiatry, 48(8), 822-830.
Winston, M., Nayar, K., Hogan, A. L., Barstein, J., La Valle, C., Sharp, K., & Losh, M.
(2020). Physiological regulation and social-emotional processing in female
carriers of the FMR1 premutation. Physiology & Behavior, 214, 112-746.

26

